In photochemical experiments on bilirubin IlIa (no endo-vinyl group), IXa [527][528][529][530][531][532], it is concluded that the endo-vinyl group plays a crucial role in the photochemical reaction of bilirubin IXa. On reversed-phase high-pressure liquid chromatography of photoisomers, it was found that the retention times of geometric isomers and E-cyclized structural isomers were shortened compared with those of Z-isomer and E-isomer, respectively, as precursor substances.
Bilirubin photochemistry has attracted attention in the light of its relevance to the widely employed phototherapy for neonatal unconjugated hyperbilirubinaemia (Brown & McDonagh, 1980) . The major mechanism of phototherapy for jaundice was initially postulated to be self-sensitized photooxygenation of bilirubin, which is a singlet-oxygen reaction (McDonagh, 1971) . However, since considerable amounts of unconjugated bilirubin appear in the bile of Gunn rats (Ostrow, 1971) or newborn infants (Lund & Jacobsen, 1972) after irradiation with blue light, the geometric isomerization via rotation around the A4 or A15 bridges of bilirubin IXa was proposed (Falk et al., 1975; McDonagh, 1976; Lightner & Park, 1976; Bonnett et al., 1978) and in part demonstrated (McDonagh et al., 1979; Lightner et al., 1979a,b; Onishi et al., 1979; Falk et al., 1982) . Geometric isomerization now appears to be widely accepted as a possible mechanism. Therefore the configuration of A4 and A'5 bridges of bilirubin IXa has become the focus of attention. However, in photochemical experiments with bilirubin IIIa (no endo-vinyl group), Abbreviation used: h.p.l.c., high-pressure liquid chromatography.
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IXa (one endo-vinyl group) and XIIIa (two endovinyl groups), we have observed much more lability and complexity for the photoproducts of bilirubin XIIIa compared with those of bilirubin IXa or IIIa. Fairly recently it was demonstrated that the (EZ)-cyclobilirubins A and B are quantitatively the most important photoproducts excreted in the bile of newborn infants during phototherapy (Onishi et al., 1980b) . By n.m.r. spectrometry (Onishi et al., , 1984 Stoll et al., 1982; McDonagh et al., 1982a,b) and thermal-stability studies , these were proved to be not simple geometric isomers but cyclized bilirubin, formed via the participation of the endovinyl group of (EZ)-bilirubin IXa. Therefore the endo-vinyl group in the photochemical reaction of bilirubin IXa is considered to be of great significance. A comparison was made between the photochemical changes of bilirubin lIla and XIIIa in relation to those of bilirubin IXa. A preliminary report of these results has already appeared (1978) . All manipulations except photochemical experiments were carried out in subdued light. Chromatographic operation, preparation of a calibration curve of peak area, sample preparation, experimental conditions of photochemical, thermal and catalytical conversion of each photoproduct of bilirubin IIIa or XIIIa and numbering of each peak of bilirubin IXa separated by h.p.l.c. were carried out as described previously (Onishi et al., 1980a; of bilirubin IXa (Stoll et al., 1979; . A summary of these changes plotted against time on a semilogarithmic scale is shown in Fig. 2 . Thus it was confirmed by the present experiments that a compound equivalent to E-cyclobilirubin of bilirubin IXa (which is not converted to a cyclic isomer) was not found in the photoproducts of IIIa isomer. Analogous to the case of bilirubin IXa (Onishi et al., 1980a; 3(a)-3(b). In the control experiment with a nonirradiated solution, a single large peak, peak 4, of (ZZ)-bilirubin XIIIa was separated (Fig. 3a) . When photoirradiation was applied, peak 4 decreased. Chromatographic profiles at 1, 5, 10, 20, 30, 45 and 60min were obtained, and a chromatographic profile at 60min is shown in Fig. 3(b) as an example. A summary of these changes plotted against time on a semilogarithmic scale is shown in Fig. 4 . Like the pattern of the photochemical changes of IXa and Illa geometric isomers, the peaks of geometric isomers of bilirubin XIIIa, peaks 0" and 3", i.e. (EE)-and (EZ)-isomers, initially increased rapidly, attaining the maximum within 1 min, and then decreased gradually approximately in parallel with changes of (ZZ)-isomer (Fig. 4) . That the photoproducts corresponding to peaks 3", 0" and 1", i. Fig. 4) . That the photoproducts corresponding to peaks 1" and 2" cyclized' structural isomers is also confirmed by the photochemical reversion of peak 2" to 3", i.e. (EZ)-monocyclobilirubin XIIIa to (EZ)-bilirubin XIIIa, whereas no thermal nor catalytical reversion of (EZ)-monocyclobilirubin XIIIa was observed (results not shown). However, no quantitative correspondence was noted between the decrease of peak 4 and the sum of the photoproducts. This is considered to be due to decomposition into brown pigment via the formation of an azacyclopentadiene ring (von Dobeneck, 1979; Onishi et al., 1981 Onishi et al., , 1982 . Thus, the total peak area estimated by h.p.l.c. as A455 also decreased. Because the XIIIa isomer has two endo-vinyl groups at C-3 and C-17 which both may participate in the cyclization (Onishi et al., , 1982 Stoll et al., 1982; McDonagh et al., 1982a,b; Isobe et al., 1983) , six photoproducts of bilirubin XIIIa are expected theoretically if one leaves aside epimeric isomers; in fact six peaks were observed. On reversed-phase h.p.l.c. of photoisomers, a remarkable regularity is found as follows; the retention times of geometric isomers with E-configuration, and E-cyclized structural isomers, are shortened by a rather regular period of time compared with those of the corresponding Z-isomer and E-isomer respectively. All values shown for the XIIIct series in Table 1 . Photochemical conversion of compound corresponding to peak 2" into peak 1" (a) and (b) show the changes of peak 2" during low (4.8pW/cm2 per nm) and high (24.8 pW/cm2 per nm) illumination respectively. The relative percentages are given in an accumulative manner. pair of geometric isomers or a pair of structural isomers is divided by the difference in retention time between E-isomers or E-cyclized isomer respectively. All values for the IIIcs or IXa series presented in Table 1 were derived in a similar way. Therefore, on the basis of this evidence, the peak with retention time of 33 min is expected to be EE-dicyclobilirubin XIIIa. However, a sufficient amount of this compound could not be obtained for thermal, photochemical or catalytic experiments.
Whereas previous interest has been focused on the exo-vinyl group, which shows photoaddition of alcohols or thiols (Garbagnati & Manitto, 1973) and furanoid-ring formation (Roos et al., 1977) , the endo-vinyl group has attracted little attention until recently, except for blue-green bile pigments of butterflies (Choussy & Barbier, 1977 Duration of irradiation (s) Fig. 7 . Photochemical conversion ofpeak I' photoproduct into peak-2' photoproduct (a) and (b) show the changes of peak 1' during low (4.8g,W/cm2 per nm) and high (24.8gW/cm2 per nm) illumination respectively. The relative percentages are given in an accumulative manner. 1984). On the basis of photochemical experiments in vitro and the fact that large amounts of (EZ)-cyclobilirubin IXcx appear in the bile during phototherapy (Onishi et al., 1980b) , it is concluded that the endo-vinyl group plays a crucial role in the photochemical reaction of bilirubin IXa. The proposed interrelationships between the bilirubin XIIIa photoproducts, including those not yet confirmed, are given in Scheme 2.
